This study aimed to investigate the trend of patients with thyroid cancer undergoing thyroidectomy and those undergoing fine needle aspiration (FNA) and its relationship with thyroid cancer, using a large-scale, real-world database established based on the employment-based health insurance claims data in Japan. In this retrospective descriptive study, annual incidence rates of patients with thyroid cancer undergoing thyroidectomy and FNA from 2005 to 2014 were calculated. Among the 3,130,757 enrollees, 926 patients were diagnosed with thyroid cancer and underwent thyroidectomies. The annual incidence of patients with thyroid cancer undergoing thyroidectomy increased from 5.4 (95% confidence interval [95% CI], 3.4-8.5) in 2005 to 11.7 (10.1-13.5) per 100,000 patient-years in 2013, with a gradual increase among patients in their 20s and 30s and with the most notable increase among those in their 40s and 50s. The annual FNA rate also increased during those years, whereas no noticeable change was observed in the thyroid cancer detection rate. The incidence rates of patients with thyroid cancer undergoing thyroidectomy and those undergoing FNA were strongly correlated, with Pearson's correlation coefficients of 0.935 for men and 0.886 for women. In conclusion, an increasing trend in the incidence of patients with thyroid cancer undergoing thyroidectomy was observed from 2005 to 2013 among a large group of Japanese employees of working age and their dependents. These results provide useful information on the impact of patients with thyroid cancer undergoing thyroidectomy on the working population.
Introduction
Thyroid cancer is the most common form of endocrine cancer. Its incidence in the last few decades has increased worldwide [1, 2] , with an average increase of 48.0% and 66.7% among men and women, respectively, over two periods, 1973-1977 and 1998-2002 in the Americas, Asia, Europe, and Oceania [1] . The estimated incidence rate in Japan also continuously increased from 5.7 to 10.9 per 100,000 individuals from 2002 to 2012. However, the estimate was based on patient statistics derived from prefectural registries and did not include all prefectures [3] .
One of the possible explanations behind the increasing incidence is the detection of a greater number of thyroid cancer cases due to an increased number of individuals who underwent screening and diagnostic tests [4] . A growing number of screening tests for thyroid cancer, including ultrasound, are performed globally [4] [5] [6] . In Japan, thyroid cancer screening has been increasingly conducted in mass screenings and comprehensive medical examinations [7, 8] , leading to increased detection of thyroid nodules, detected by ultrasound in 6.9-31.6% of individuals during screening tests or incidentally during medical examinations [9] . Thyroid nodules suspected to be malignant are subjected to fine needle aspiration (FNA), which is indicated to obtain a cytological diagnosis and recommended for thyroid cancer diagnosis in Japan [10] . A US population-based estimate reported a rapid increase in FNA and operative procedures, such as thyroidectomy, associated with an increased incidence of thyroid cancer [11] .
To our knowledge, nationwide studies on the recent trend of thyroid cancer incidence are limited in Japan. Aside from cancer surveillance data, real-world data such as healthcare claims databases are currently available in Japan. The JMDC Inc. (Tokyo, Japan; previously known as Japan Medical Data Center
Co., Ltd.) has established a database based on employment-based health insurance claims data since
2005 [12] . The database covers 3 million employees of middle-to large-sized companies and their dependents aged <75 years. Using this large-scale real-world data, the incidence trend of patients with thyroid cancer undergoing thyroidectomy and that of FNA and its relationship with thyroid cancer are investigated.
Materials and Methods

Design and Data Source
This is a retrospective descriptive study using Table 2 ). The incidence rates increased for both sexes (Fig 2 (a) ), whereas the incidence rates in women were approximately two to three times higher than those in men. The incidence rates of patients aged 20-39 years showed a gradual (Fig 2 (b) ).
Unlike the younger age groups, the incidence rates of patients aged 60-74 years were consistently higher but fluctuated throughout the study period. (47.1-54.1) per 100,000 patient-years ( Table 2 ). The FNA rates increased in both sexes, which were approximately two to four times higher in women than in men (Fig 3(a) ). FNA rates were also higher among the older age groups throughout the study period. The FNA rate of patients aged 40-59 years notably increased between 2005 and 2013 (Fig 3(b) ). (Fig. 4) .
Discussion
The incidence rates in patients with thyroid cancer undergoing thyroidectomy, FNA rates, and the between-rate association were investigated using a large The trend of a unidirectional increase in the incidence of thyroid cancer was observed in this study.
This increasing trend was consistent with the incidence of thyroid cancer previously reported worldwide in the last few decades [1, 2] and with the estimated incidence of thyroid cancer in Japan [3] . However, the annual incidence rates of thyroid cancer patients undergoing thyroidectomy in this study were lower than the annual incidence of thyroid cancer previously reported in the United States between 2005 and 2012 (12.8-21.5 per 100,000 individuals) [4] and in Japan during the same period (7.2-10.9 per 100,000 individuals) [3] . This may simply be because this study focused on patients with thyroid cancer who underwent thyroidectomy to exclude cases that used the diagnosis code for thyroid cancer for reimbursement purposes only. For this reason, our incidence rates of thyroid cancer should not be considered for "wait-and-watch" patients diagnosed with thyroid cancer.
Paralleled with the incidence of thyroid cancer patients undergoing thyroidectomy, this study also demonstrated increased FNA rates from 2005 to 2013, which was highly correlated with the incidence of thyroid cancer patients undergoing thyroidectomy without any remarkable changes in the detection rate. Although whether FNA was appropriately implemented on nodules measuring ≥1 cm as recommended in the guidelines [17] could not be assessed owing to the Another possibility is the heightened concern among the public on the release of radiation from the nuclear power plant after the March 2011 earthquake. However, the unavailability of geographical information in the database and our study period lacking sufficient follow-up time after the nuclear fallout prevented the evaluation of the fallout effects on thyroid cancer.
Further studies are needed to assess the screening trend.
The incidence rates of thyroid cancer patients undergoing thyroidectomy and FNA rates at aged 60-74
years were high compared with those of the other age groups and fluctuated throughout the study period.
These fluctuations may be ascribable to an artifact caused by a disproportionally small representation of the elderly population and the increasing size of the JMDC database during the study period. Individuals aged ≥60 Further, summary statistics of lymph node or distant metastases were not presented because of this limitation; a diagnostic code for metastases associated with thyroid cancer is not necessarily recorded in the study database unless claims for the treatment of these metastases have been issued. The association between thyroid and metastatic cancers is also unclear in the study database. In addition, due to a lack of nodule size and cytology results (i.e., Bethesda class) and the necessity to maintain anonymity due to the privacy protection rule in the database, the accuracy of these diagnostic codes with respect to severity cannot be validated. Third, specific histological types of thyroid cancer were not available in patients simply coded as "thyroid cancer." However, we believe that those coded as "thyroid cancer" may mostly fall into the papillary thyroid cancer subtype. This estimation is based on the reports that papillary thyroid cancer was the most predominant subtype of thyroid cancer accounting for >90% in Japan [21] . Therefore, we believe that our results would indicate the annual incidences of differentiated thyroid cancer. However, due to the histological data unavailability, whether the increased annual incidence is attributed to an increase in a specific subtype cannot be identified.
Conclusion
A trend of the increasing incidence of patients with thyroid cancer undergoing thyroidectomy was observed from 2005 to 2013 among a large group of Japanese employees of working age and their dependents. Our results may help understand the impact of thyroid cancer patients undergoing thyroidectomy on the working population. This is the first study assessing the incidence of thyroid cancer focusing on thyroidectomy and FNA rates, using a large-sized real-world database. Due to these limitations, further studies to track thyroid cancer incidence may be warranted to determine the trend of thyroid cancer incidence in the Japanese population.
